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Limited data are available describing do-
nor adverse events (AEs) associated with
filgrastim mobilized peripheral blood stem
cell (PBSC) collections in unrelated volun-
teers. We report results in 2408 unrelated
PBSC donors prospectively evaluated by
the National Marrow Donor Program
(NMDP) between 1999 and 2004. Female
donors had higher rates of AEs, requiring
central line placement more often (17% vs
4%, P < .001), experiencing more apheresis-
related AEs (20% vs 7%, P < .001), more

bone pain (odds ratio [OR] � 1.49), and
higher rates of grades II-IV and III-IV
CALGB AEs (OR � 2.22 and 2.32). Obese
donors experienced more bone pain
(obese vs normal, OR � 1.73) and heavy
donors had higher rates of CALGB toxici-
ties (> 95 kg vs < 70 kg, OR � 1.49). Six
percent of donors experienced grade III-IV
CALGB toxicities and 0.6% experienced
toxicities that were considered serious
and unexpected. Complete recovery is
universal, however, and no late AEs attrib-

utable to donation have been identified.
In conclusion, PBSC collection in unre-
lated donors is generally safe, but nearly
all donors will experience bone pain, 1 in
4 will have significant headache, nausea,
or citrate toxicity, and a small percentage
will experience serious short-term ad-
verse events. In addition, women and
larger donors are at higher risk for donation-
related AEs. (Blood. 2009;113:3604-3611)

Introduction

Voluntary donation of bone marrow (BM) or peripheral blood stem
cells (PBSCs) for hematopoietic cell transplantation is a well-
established and accepted altruistic act, performed by thousands of
related and unrelated donors throughout the world each year.
Although donors generally recognize that donation is not risk-free,
it is the responsibility of the transplant community to understand
these risks, to pursue efforts that minimize risks, and to ensure that
donors are fully informed.

Over the past decade, a major shift has occurred from bone
marrow to cytokine-mobilized PBSC collection as the dominant
procedure for obtaining allogeneic hematopoietic cell grafts. The
practice initially involved related donors, but in more recent years
this method of collection has been extended to healthy unrelated
donors. Although several studies have addressed safety consider-
ations of the procedure for small cohorts of related donors,1-10

published unrelated donor safety experience is minimal,11-13 and
large, comprehensive studies of PBSC donor safety in healthy
unrelated donors have not been published. In addition, previous
studies have not used standardized toxicity scales, making it
difficult to compare the studies with each other and giving an
incomplete understanding of the donor experience.

To address the imperative of fully ascertaining risk to a healthy
unrelated donor of PBSCs, at the initiation of the National Marrow
Donor Program (NMDP) PBSC collection program for transplants
in 1999, donors were enrolled in a comprehensive study assessing
donor adverse events (AEs), collection efficacy, and recipient

outcomes. This paper reports detailed AE experiences of 2408 do-
nors collected through April 2004, giving a much clearer picture of
the PBSC donation experience.

Methods

Study cohort

This study included 2408 first-time stem cell donors who donated a PBSC
product between July 1999 and April 2004. Informed consent was obtained
from all donors in accordance with the Declaration of Helsinki for
participation in an NMDP-sponsored and IRB-approved research protocol
for manufacturing PBSC products. The NMDP protocol operated under an
Investigational New Drug application accepted by the United States Food
and Drug Administration (USFDA). All donors were evaluated to assess
medical suitability, transplantation-transmissible infectious diseases, and
contraindications (eg, pregnancy, autoimmune disease, history of thrombo-
embolic disease) for receipt of filgrastim (rhG-CSF). All PBSC collections
were performed according to the protocol after mobilization with filgrastim
administered subcutaneously on 4 (only for recipients weighing � 35 kg)
or 5 consecutive days at a daily dose of approximately 10 �g/kg. Adminis-
tered filgrastim doses were rounded to some combination of 300-�g and
480-�g vials based on the donor’s total body weight, so that protocol-
defined targets ranged from 8.7 to 13.3 �g/kg per day. The protocol
included provisions for filgrastim dose reductions in the presence of
high-grade symptoms.

The donation processes were facilitated by 73 donor centers and
96 apheresis centers. Donor centers managed donor medical evaluations,
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infectious disease marker testing, filgrastim administration, and data
reporting. Apheresis centers performed collections, but in many cases
assisted with filgrastim administration and data reporting. Donor data were
collected at the time of predonation medical evaluation, before each
filgrastim dose, and at the time of each apheresis procedure. Donors were
further assessed 2 days after the final apheresis procedure, weekly until
“full recovery,” and at 1 month, 6 months, and annually after donation.
Donor symptoms were assessed using a subset of the Cancer and Leukemia
Group B (CALGB) toxicity criteria. Symptoms assessed included allergy,
anorexia, chills, fever, sweats, fatigue, headache, myalgia, nausea, vomit-
ing, other flulike symptoms, local reactions, skin rash, pain, and infections.
The Eastern Cooperative Oncology Group (ECOG) Performance Status
was used to rate donor functional status.14 Adverse events associated with
apheresis collections were reported in an open text field. Apheresis
collections were targeted to process a given volume of donor blood based
on recipient body weight (12 L, 18-20 L, or 24 L processed for recipients
weighing � 35 kg, 35-70 kg, and � 70 kg, respectively). Early versions of
the protocol (until version 7, September 2003) were biased toward 2 con-
secutive apheresis collections because the maximum single-sitting aphere-
sis volume was set at 20 L.

End points

Donor hematologic recovery end points were the incidence of cytopenias
after apheresis and at each follow-up time point as assessed by the change in
white blood cell (WBC) counts, platelets, and hemoglobin. Donor organ
toxicity end points were changes in renal and hepatic serum chemistries
after apheresis and at each follow-up time point. Donor symptom-related
end points were the incidence of bone pain, maximum severity of bone pain,
maximum CALGB toxicity, and maximum level of ECOG Performance
Status during mobilization and donation. A serious adverse event was

defined as one that was fatal or immediately life threatening, or that caused
or prolonged hospitalization, caused permanent disability, was a congenital
anomaly, was a cancer, or was an overdose. An unexpected adverse event
end point was met when an event possibly related to the administration of
the study, study drug, or study product had not been identified in nature,
severity, or frequency in the study protocol.

Statistical methods

The analysis quantified a variety of donor characteristics. Donor WBC,
platelet, and hemoglobin recovery after donation were analyzed via paired
t test. Logistic regression using the step-wise model selection method was
used to evaluate risk factors that might have an influence on donor
symptom-related end points. Factors considered were donor age, sex,
race/ethnicity, weight, body mass index (BMI), cytomegalovirus (CMV)
status, filgrastim dose, alkaline phosphatase at baseline, and the baseline
values and the changes from baseline to preapheresis values of WBCs,
platelets, hemoglobin, percentage of neutrophils, and percentage of mono-
nuclear cells. The effects were estimated via odds ratios. Interactions were
checked between all significant main effects, but none were found to be
significant. Because of the large number of variables being tested in the
models, a significance level of .01 was used in all multivariate analyses.

Figure 1. Incidence of bone pain. Pain symptoms were evaluated before adminis-
tration of filgrastim each day and at each follow-up after donation. (A) Percentage of
PBSC donors who experienced bone pain. (B) Site of bone pain frequency on Day 4.
(C) Frequency of highest severity of bone pain during mobilization and collection.

Table 1. Characteristics of unrelated PBSC donors facilitated by the
NMDP, 1999-2004

Variable No. (%)

No. of donors 2408

Sex

Male 1444 (60)

Female 964 (40)

Race/ethnicity

White 1914 (79)

Hispanic 189 (8)

Asian/Pacific Islander 103 (4)

Black/African American 77 (3)

Multiple races 76 (3)

American Indian/Alaska Native 27 (1)

Other/decline/unknown 22 (1)

Age at donation, y

18-30 747 (31)

31-40 846 (35)

41-50 604 (25)

51-60 211 (9)

BMI, kg/m2

Underweight, less than 18.5 14 (1)

Normal, 18.5-24.9 719 (30)

Overweight, 25-29.9 980 (41)

Obese, 30 or more 694 (29)

Volume of whole blood processed, collection day 1, N � 2408

Small volume, less than 12 L 368 (15)

Standard volume, 12-18 L 1429 (59)

Large volume, 18 L or more 606 (25)

Volume of whole blood processed, collection day 2, N � 1604

Small volume, less than 12 L 423 (27)

Standard volume, 12-18 L 1146 (72)

Large volume, 18 L or more 16 (1)

PBSC indicates peripheral blood stem cell; NMDP, National Marrow Donor
Program; and BMI, body mass index.
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Results

Donor characteristics

Table 1 shows the characteristics of the 2408 donors analyzed for
AEs associated with PBSC collection. Sixty percent of the donors
were male and the large majority of donors were white. Two-
thirds of the donors were younger than 40 years, with only 9% of
donors older than 50 years. Of note, 70% of donors were consid-
ered overweight or obese with BMI of 25 kg/m2 or more or
30 kg/m2 or more, respectively. Male donors had higher BMI
values than female donors with 22%, 47%, and 30% of male
donors, respectively, considered normal, overweight, and obese
compared with 42%, 31%, and 27% of female donors.

Two-thirds of the donors underwent 2 apheresis procedures,
whereas the remaining donors completed their donations in a single
day. Table 1 shows that 25% of the donors underwent large volume
apheresis procedures (� 18 liters) on the first day of collection.
Most of these large-volume procedures were planned, single-day
collections, processing between 20 and 26 liters. The median
duration of the first apheresis procedure was 3.6 hours (range,
1.3-8.9 hours).

AEs associated with filgrastim

As expected, the large majority of donors experienced bone pain,
peaking on Day 4 of mobilization after just 3 doses of filgrastim
(Figure 1A). Fifty percent reported bone pain after a single dose of
filgrastim. Bone pain appeared most often in the axial skeleton with
smaller percentages reported in other bones (Figure 1B). Most
donors reporting pain received pain medications, usually acetamin-
ophen or ibuprofen, with approximately 65% and 30% reporting
some pain relief or complete pain relief, respectively. Nine percent
of donors experienced severe bone pain with 1% percent consider-
ing the pain “intolerable” (Figure 1C). Pain decreased significantly
after filgrastim administration was stopped, but was still reported in
24% and 6% of donors at 2 days and 1 week, respectively, after the
final apheresis collection.

Logistic regression was performed to identify factors predicting
for higher intensity bone pain versus lower intensity (moderate,
severe, or intolerable vs mild or absent). Only donor sex predicted
for intensity of bone pain (female vs male OR � 1.39; 95% CI,

1.18-1.64; P � .001). Risk factors for the incidence of bone pain on
Day 4 of filgrastim administration were female sex, CMV-
seronegative status, being obese, and having a low percentage of
neutrophils before the first filgrastim dose (Table 2). Although
these risk factors were highly significant statistically, the clinical
relevance is low because the actual incidence of bone pain within
the risk groups differed by only a few percentage points.

Donors were assessed for additional symptoms using abbrevi-
ated CALGB toxicity criteria. More than 70% of donors reported
some degree of myalgia, headache, or fatigue, with smaller
percentages reporting insomnia, nausea, fever, emesis, or other
symptoms (Figure 2A). Zero or I was the maximum grade of all
CALGB AEs reported by 62% of donors (Figure 2B). Six percent
of donors experienced at least one grade III to IV toxicity and 38%
experienced at least one grade II to IV toxicity. After bone pain and
myalgia, headache was the most commonly reported symptom with
26% of donors experiencing headache of grade II or higher at some
point during mobilization and collection (Figure 2A). Symptoms
disappeared almost completely by 1 week after donation, with the
exception of slight persisting increases in fatigue, headache, and
myalgia (1 week after donation vs baseline: 7.9% vs 0.8%, 4.9% vs
2.5%, and 3.7% vs 2.1%, respectively). Rates of headache and
myalgia returned to baseline by the 1-month assessment, but a few
donors continued to report fatigue (3.1% at 1 month vs a base-
line of 0.8%).

The maximum CALGB score across all symptoms during the
process of PBSC mobilization and apheresis collection was ana-
lyzed using logistic regression. The analysis outcome was a
maximum CALGB score of II or higher. Regression results are
shown in Table 3. Female donors and very heavy donors experi-
enced more grade II or higher CALGB toxicity symptoms during
mobilization and donation. Similar associations were found when
the cohort was analyzed for grade III or higher toxicities. Sex
distribution analysis of grade III-IV CALGB toxicities showed an
increase in rates of nausea, vomiting, and anorexia in female
donors; whereas headache, insomnia, fatigue, and other severe
toxicities were comparable between the males and females.

AEs associated with venous access and apheresis

If the PBSC product could not be collected using peripheral veins, a
central venous line was inserted. Figure 3A provides information

Table 2. Logistic regression for incidence of bone pain on Day 4, N � 2398

Factor n No. of events (%) Odds ratio (95% CI) P Unfavorable characteristic

Sex

Female donors

Male 1437 1168 (81) 1.00

Female 961 816 (85) 1.49 (1.19-1.89) .001

CMV status

Donors with negative CMV

Negative 1520 1272 (84) 1.00

Positive 878 712 (81) 0.73 (0.58-0.91) .006

BMI .001

Bigger donors

Underweight 14 9 (64) 0.41 (0.13-1.26) .12

Normal 717 575 (80) 1.00

Overweight 976 803 (82) 1.26 (0.98-1.63) .071

Obese 691 597 (86) 1.73 (1.29-2.31) � .001

Neutrophils on Day 1, % .004

Donors with lower percentage of

neutrophils on Day 1

Less than 56.5 488 419 (86) 1.00

56.5 to 62 602 506 (84) 0.83 (0.59-1.17) .29

62 to 67 589 491 (83) 0.77 (0.55-1.08) .13

More than 67 610 480 (79) 0.55 (0.39-0.76) � .001

Missing 109 88 (81) 0.67 (0.39-1.15) .15

CI indicates confidence interval; CMV, cytomegalovirus; and BMI, body mass index.
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on central venous access. On the first day of collection, 166 fe-
males (17% of female donors) required a central line, whereas only
61 males (4% of male donors) required one (P � .001). There were
22 females (3% of female donors on the second day of donation)
who did not have a central line on the first day but required one on
the second day of donation, compared with only 4 males (0.4% of
male donors on the second day of donation; P � .001). Central
lines were placed with comparable frequencies in the internal
jugular, subclavian, and femoral veins.

Apheresis-related AEs were reported by 20% of females and 7%
of males on the first day of donation (P � .001), and by 10% of
females and 4% of males on the second day of donation (P � .001,
Figure 3B). Fifty-one percent of these AEs were complications of
citrate administration (tingling, numbness, carpal-pedal spasm, etc)
with 20% of donors who experienced AEs reporting nausea and
22% reporting problems with access (intravenous lines infiltrated,
multiple intravenous line placement attempts, hematomas, poor

flow, etc). Other apheresis-related AEs occurred more rarely
(1%–6% of the reported events) and consisted of pain (headache,
back, and chest pain), chills, hypertension or hypotension, allergic
reactions, fatigue, or syncope.

Blood counts and chemistries

The results of univariate analyses of changes in WBCs, platelets,
and hemoglobin are shown in Table 4 and illustrated in Figure
4A through C. As expected, donor WBCs rose sharply during
mobilization and donation as a result of filgrastim injection, and
then declined below baseline at 1 month after donation (P � .001).
At yearly follow-up, 1 to 4 years after donation, donor WBC levels
were slightly elevated compared with baseline values (mean
increase, 0.12-0.29 � 109/L). Although statistically significant WBC
changes were observed at 1 month and annual follow-up time
points, absolute differences were clinically irrelevant. Donor
platelet and hemoglobin levels declined modestly by Day 5, before
apheresis during filgrastim administration. Major changes in hemo-
globin and platelets accompanied each apheresis collection proce-
dure. At 1 month after donation, platelet and hemoglobin levels
rebounded but still remained below baseline (P � .001). No

Table 3. Logistic regression for maximum CALGB score of II-IV versus 0-I, N � 2386

Factor n No. of events (%) Odds ratio (95% CI) P Unfavorable characteristic

Sex

Female donors

Male 1430 448 (31) 1.00

Female 956 457 (48) 2.22 (1.85-2.70) � .001

Weight, kg .006

Very heavy donors

Less than 70 562 240 (43) 1.00

70-83 602 221 (37) 1.08 (0.84-1.39) .56

83-95 597 195 (33) 1.06 (0.81-1.39) .68

More than 95 625 249 (40) 1.49 (1.14-1.95) .003

CALGB indicates Cancer and Leukemia Group B; and CI, confidence interval.

Figure 2. Assessment of donor symptoms using the Abbreviated CALGB
Toxicity Criteria. Abbreviated CALGB Toxicity Criteria were evaluated before
administration of filgrastim each day. (A) Frequency of highest CALGB score
reported by PBSC donors during mobilization and collection. (B) Frequency of
highest CALGB score across all symptoms reported by PBSC donors during
mobilization and collection.

Figure 3. Adverse events associated with access and apheresis. (A) Percentage
of PBSC donors who required central venous access, by sex. (B) Percentage of
PBSC donors who reported adverse events as a result of donation, by sex.
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clinically relevant changes in hemoglobin and platelet levels were
observed during annual follow-up.

We evaluated the extremes of WBC, platelet, and hemoglobin
changes, because these values could put donors at higher risk for
stroke, bleeding, or complications of anemia. Although nearly a
third of donors experienced a WBCs above 50 � 109/L, less than
1% of donors exceeded a higher risk level of 75 � 109/L. No
episodes of thrombosis or stroke were reported. After 2 days of
collection, nearly 40% of donors had platelet counts below
100 � 109/L, with approximately 2% of donors going below
50 � 109/L and a single donor going below 20 � 109/L. Males and
females experienced similar declines in hematocrit values accompa-
nying apheresis, but female donors often declined to values below
30% (5% and 9% occurrence after the first and second apheresis
procedure, respectively). Very rarely, donors persisted with low
platelet or hemoglobin levels at 1 month after donation. Of note,
platelet drops were larger with high versus standard volume
apheresis procedures (�105 � 109/L vs �83 � 109/L, P � .001).

Donors had screening blood chemistries drawn fewer than 30 days
before their procedures. A comparison of screening levels with values at
1 month, and 1, 2, and 3 years after donation showed no clinically
relevant changes in chemistries analyzed (BUN, creatinine, alkaline
phosphatase, and total bilirubin; data not shown).

Performance status

Donors’ functional state was rated using ECOG Performance
Status. Figure 5 shows the maximum ECOG score during the

course of PBSC mobilization and donation. The majority of donors
reported an ECOG performance score of zero, with approximately
70% reporting a zero grade on Day 4 of mobilization and both days
of donation. ECOG scores quickly returned to normal with 93%
reporting a score of 0 on Day 2 of mobilization, 95% at 1 week
after donation, and almost 100% at the remaining time points.
Fifty-six percent of donors had an ECOG score of zero throughout
the mobilization and donation process. Eight percent had a score
of 2 or higher at some point during mobilization and collection.

The maximum ECOG score during the process of PBSC
mobilization and apheresis collection was analyzed using logistic
regression. The analysis outcome was a maximum ECOG score of
2 or higher. Only 1 risk factor, donor sex, was found to significantly
affect the outcome. Compared with male donors, females had an
increased frequency of ECOG score of 2 or more (OR � 2.13; 95%
CI, 1.59-2.86; P � .001).

Unexpected serious adverse events and long-term toxicities

We conducted an analysis of serious or unexpected events in this
cohort of 2408 donors. Fifteen events occurred, for a rate of
0.6%, and are described in Table 5. The majority of these events
were symptoms that were serious enough to warrant hospital
admission for observation. The events were most often associ-
ated with filgrastim therapy (severe headache, nausea) or
apheresis (local bleeding, citrate toxicity). Three donors were
hospitalized for more worrisome symptoms of severe chest or
back pain. Full cardiac evaluations were performed and none of

Table 4. Univariate analysis of change in WBC counts, platelet counts, and hemoglobin levels of unrelated PBSC donors facilitated by the
NMDP, 1999-2004

n Mean 95% CI P

Change in WBC, from baseline, �109/L

Day 5 before apheresis 2323 32.61 (32.14 to 33.09) � .001

1 mo after donation 1998 �0.506 (�0.578 to �0.434) � .001

1 y after donation 1645 0.121 (0.041 to 0.202) .003

2 y after donation 1321 0.230 (0.145 to 0.316) � .001

3 y after donation 1123 0.271 (0.173 to 0.369) � .001

4 y after donation 695 0.288 (0.164 to 0.412) � .001

From before apheresis to after apheresis

Day 5 2316 �3.674 (�4.043 to �3.305) � .001

Day 6 1560 �9.725 (�9.980 to �9.470) � .001

Change in platelets, from baseline, �109/L

Day 5 before apheresis 2317 �10.01 (�11.32 to �8.693) � .001

1 mo after donation 1992 �6.169 (�7.823 to �4.515) � .001

1 y after donation 1640 1.084 (�0.652 to 2.819) .22

2 y after donation 1314 2.276 (0.190 to 4.361) .033

3 y after donation 1120 1.610 (�0.604 to 3.824) .15

4 y after donation 695 �0.135 (�3.051 to 2.78) .93

From before apheresis to after apheresis

Day 5 2311 �92.28 (�94.07 to �90.49) � .001

Day 6 1557 �53.38 (�54.60 to �52.17) � .001

Change in hemoglobin, from baseline, g/L

Day 5 before apheresis 2311 �2.02 (�2.31 to �1.73) � .001

1 mo after donation 1992 �2.99 (�3.31 to �2.67) � .001

1 y after donation 1637 �0.56 (�0.97 to �0.14) .009

2 y after donation 1315 �0.28 (�0.77 to 0.22) .28

3 y after donation 1121 �0.09 (�0.63 to 0.45) .74

4 y after donation 694 0.50 (�0.23 to 1.23) .18

From before apheresis to after apheresis

Day 5 2291 �11.69 (�11.94 to �11.44) � .001

Day 6 1536 �10.41 (�10.73 to �10.10) � .001

P values were from paired t test.
Median follow-up, 37 months; range, 2 days to 88 months.
WBC indicates white blood cell; PBSC, peripheral blood stem cell; NMDP, National Marrow Donor Program; and CI, confidence interval.
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these donors experienced a cardiac event. Risk factor and donor
characteristic analysis did not reveal associations between these
rare adverse events.

Reported malignancies in donors

We reviewed NMDP follow-up data regarding the incidence of
development of malignancies in this cohort of 2408 donors. Annual
attempts at follow-up were made for all donors (median follow-up,
49 months; range, 2 days to 99 months). No cases of acute
myelogenous leukemia or myelodysplasia were reported. Twenty-
five nonhematologic cancers of various types occurred along with
one case of chronic lymphocytic leukemia (Table 6). Comparison
of the incidence of these cancers to expected rates according to the
SEER database showed no evidence of increased cancer risk in the
donor cohort.

Discussion

Over the past several years, increasing numbers of donors have
been receiving cytokines (almost invariably filgrastim) for several
days followed by harvest of circulating marrow stem cells by the
process of leukapheresis. Several small- to moderate-sized experi-
ences have been published describing PBSC donor outcomes,
focusing mainly on related donors.4,7,10,11,15-17 Short-term toxicities
associated with PBSC donation reported previously generally
occurred because of either (1) filgrastim administration (local
reactions, pain, flulike symptoms), (2) complications associated
with placement of a central venous catheter when peripheral access
is inadequate (infection, bleeding, pneumothorax), and/or (3) prob-
lems with leukapheresis (bleeding secondary to anticoagulation,
hypocalcemia due to acid citrate dextrose [ACD] use, etc). This

Figure 4. Box and whiskers plot of blood counts showing the maximum, upper
quartile, median, lower quartile, and minimum values obtained from PBSC
donors on the first day of injection (Day 1), before and after donation (Day 5
before and Day 5 after), and during follow-up after donation. (A) Donor white
blood cell counts. (B) Donor platelet counts. (C) Donor hemoglobin levels, by sex.

Figure 5. Frequencies of PBSC donor’s highest ECOG score during mobiliza-
tion and collection and of donor’s ECOG score at 1 week after donation. The
donor’s ECOG Performance Status was rated before administration of filgrastim each
day and at each follow-up after donation.

Table 5. Unexpected serious adverse events of unrelated PBSC
donors facilitated by the NMDP, 1999-2004

Event n

Nausea, vomiting, headache (requiring hospitalization) 4

Bleeding 1

Thrombocytopenia 3

Citrate toxicity 3

Severe chest pain 2

Severe back pain 1

Other: viral illness 1

PBSC indicates peripheral blood stem cell; and NMDP, National Marrow Donor
Program.

Table 6. Reported malignancies of unrelated PBSC donors
facilitated by the NMDP, 1999-2004

New malignancy reported in
donor n

Time to onset after
collection, mo

Breast cancer 5 4, 17, 40, 46, 72-84

Prostate cancer 4 17, 26, 33, 60

Basal cell carcinoma 4 5, 48, 52, 48-60

Melanoma 3 33, 40, 72

Melanoma in situ 2 16, 26

Laryngeal squamous cell carcinoma 1 1

Renal cell adenocarcinoma 1 6

Testicular embryonic carcinoma 1 13

Lung cancer 1 27

Esophageal cancer 1 33

Uterine cancer 1 47

Chronic lymphocytic leukemia 1 60

Cervical cancer 1 94

Median follow-up, 49 months; range, 2 days to 99 months.
PBSC indicates periopheral blood stem cell; and NMDP, National Marrow Donor

Program.
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study significantly expands on previously published work by
(1) including a very large number of prospectively enrolled unre-
lated donors, (2) reporting long-term normalization of hematologic
and chemistry laboratory values, (3) describing the donor experi-
ence in more detail by CALGB (comparable with CTCAE scales)
and ECOG scores, (4) providing more detailed data regarding the
donor perceptions of pain, (5) more fully characterizing line
placement– and apheresis-related toxicities, and (6) identifying by
multivariate analysis specific populations at higher risk for toxicities.

This paper confirms previous studies that have shown PBSC
collection to be generally safe for adult donors, but prospective
donors should be carefully educated about the measurable risk of
significant acute toxicities they may encounter. Donors in this study
did not experience the rare, filgrastim-related event of splenic
rupture (incidence likely 1/5-10 000),18-21 and no donors experi-
enced fatal complications (incidence worldwide estimated at
1/10 000).22 The association of filgrastim administration with an
increase in myeloid leukemia and/or myelodysplasia in patients
with a few diseases such as congenital neutropenia (Kostmann
syndrome),23,24 along with anecdotal reports of myeloid leukemia
occurring in related PBSC donors,25 has raised concern about
long-term risks of filgrastim administration to healthy donors.
Myeloid leukemia or myelodysplasia was not detected in long-term
follow-up of donors on this study, and, aside from a clinically
insignificant increase in WBCs, blood counts of donors followed in
this cohort normalized and remained normal years later. Although
theoretic concerns have been raised by some in the medical
community about filgrastim contributing to an increased risk of
myeloid leukemia/myelodysplasia in healthy donors, this study
supports preliminary evidence presented in several small prospec-
tive and larger retrospective studies that have yet to detect in
increase in filgrastim-treated donors going on to develop myeloid
leukemia/myelodysplasia.26-30 That said, this analysis is not ad-
equate to fully address this concern, and follow-up for hematologic
malignancies is ongoing. A large, prospective donor safety study is
needed to answer this question. Currently, the NMDP has an
ongoing study that will address in a more definitive manner the
theoretic concern of whether filgrastim causes an increase in risk of
leukemia in unrelated donors. The Donor Health and Safety
Subcommittee of the Center for International Blood and Marrow
Transplant Research (CIBMTR) and several national donor regis-
tries are performing studies aimed at addressing this concern in
related donors.

Because the data provided in this paper represent the practice of
a large number of centers (73 donor centers and 96 apheresis
facilities), the study provides a baseline for what would be
considered expected rates of toxicity associated with filgrastim-
mobilized PBSC collection. Understanding that increased rates of
toxicity occur with female and heavier donors should allow centers
to monitor and treat pain and other side effects in these populations
more effectively. The expected toxicity baseline provided by this
study must be qualified, however. NMDP donors must be between
ages 18 and 60 years and are unrelated to recipients. NMDP has
specific guidelines for donor screening that may declare donors
ineligible that would be considered acceptable by some centers if
they were related to the recipient. In the setting of related donors,
pediatric donors, and donors older than 60 years, the observations
made in this study may not be valid. These donor groups have
specific issues (size in pediatrics and increased risk of end-organ
dysfunction and cancer in adults older than 60 years) that may put
them at increased risk for toxicities associated with donation.
Studies aimed at comprehensive assessment of early and late

donation-related toxicities in related pediatric and adult donors,
especially donors older than 60 years, are warranted.
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